Objectives. The prevalence of Alzheimer's disease in studies of Japanese show generally lower rates when compared with those of Caucasians. We hypothesized that among a cohort of Japanese Americans lifestyle differences would act to modify progression of the Alzheimer pathologic process over many years, resulting in a slower cognitive decline among persons whose lifestyle is more characteristically Japanese.
persons was taken by age and CASI score. In order to ensure that almost all prevalent cases of dementia were found, all persons aged 85 and older, all persons scoring 81 or less (of 100) on the CASI, and a weighted random sample of persons aged 65 to 84 years scoring at all CASI levels were asked to return for a clinical evaluation. Of the latter group, sampling probabilities were greater for persons who were older and who scored lower on the CASI. Of those sampled, 149 were found to meet dementia criteria at baseline (Graves et al., 1996a) , and were excluded from the present study sample. Those who were sampled but found to be nondemented were folded into the nondemented cohort (n = 301). Among the 1,535 persons who were not sampled, the weighted prevalence results estimated that only 2.6 prevalent cases of dementia were missed (0.17%). Therefore, a total of 1,836 persons (301 + 1535) formed the initial, nondemented cohort that is now being followed over time for the development of cognitive decline and incident dementia.
At the 2-year follow-up (1994) (1995) (1996) , 77 persons had died, 117 refused the second examination, and 37 had moved or were lost. One thousand, six hundred and four persons of 1,836 completed both the baseline and biennial examinations, and form the sample on which the analyses are based.
All participants were interviewed by trained interviewers, using highly structured questionnaires. The interviews took place either at the study site or in the participants' homes. Questions relating to the participants' educational background, income, migration history, and acculturation were used in the present analysis, as were scores from the Cognitive Abilities Screening Instrument (CASI; Teng et al., 1994) . In the biennial reexamination of the cohort, the CASI was repeated. The study was approved by the University of Washington Human Subjects Committee.
Definition of Exposures
In the baseline questionnaire, a large number of questions was asked regarding migration history (in the text and tables, "Issei" refers to a person who was born in Japan and migrated to the U.S., "Kibei" refers to an American-born person who went to Japan for part or all of their education, and "Nisei" refers to an individual who was American-born and educated), education, number of years lived in Japan before age 18, age at which English became the main language spoken at home, language usually spoken at home currently, and current facility with reading and writing Japanese. Questions also were asked regarding whether most of the participants' close friends while they were growing up were Japanese, non-Japanese, or an equal number of both. A similar question regarding current friends was asked. In addition, questions were asked about the participants' current religion (choices were: none, Christian, Buddhist, Shinto, other Eastern religion (specify), other (specify), or don't know/refused), as well as whether their diet consisted of only Asian food, mostly Asian food, Asian and Western food equally, mostly Western food with some Asian, or only Western food. The baseline questionnaire was offered in English and Japanese; the translation into Japanese, performed by an English-speaking Japanese staff member, was back-translated by an American specializing in Japanese, and the Japanese version was reworked until it achieved the same meaning for all questions in the English one.
Other data used in these analyses included apolipoprotein E status (1,11 1/1,604 available)-this variable was analyzed as two dummy variables (1 apoE-e4 allele and 2 apoE-e4 alleles). A computerized reaction test was also used to measure overall speed of processing, a measure of intellectual function (Teng, 1990) . This test consists of two tasks: a simple task and a choice reaction time task. In the first, a computerized visual presentation of an arrow appears in the middle of the screen at various time intervals, first to the left (16 trials at variable time intervals), then to the right (16 trials). The task is preceded by a practice of 32 trials. In both tasks, the subject holds the mouse in two hands and presses either the left or the right button with his or her thumbs when the arrow is presented on the screen. Errors and time taken (in milliseconds) are recorded using various measures. The choice reaction time task is similar to the simple task, except that the subject does not know in which direction the arrow will point; thus, this task takes more time. Both tasks show that the longer the reaction time, the slower the processing. In addition to reaction time, low annual household income (<$ 15,000) was used as an independent variable in the analyses. Several other variables were tested as potential confounders. First, cardiovascular status was measured by asking respondents at baseline whether they had ever been medically diagnosed with a heart attack, stroke, or high blood pressure. Second, social support was measured using the modified Interpersonal Support Evaluation List (ISEL; Cohen & Wills, 1985) .
Definition of Outcome
The CASI is a global measure of cognition that is similar to the Mini-Mental State Examination (MMSE; Folstein, Folstein & McHugh, 1975) . The two measures are correlated 0.92 (Graves, Larson, Kukull, White, & Teng, 1993) . The CASI incorporates the MMSE, the Modified Mini-Mental (3MS; Teng and Chui, 1987) , and the Hasegawa Dementia Scale for the Aged (Hasegawa, 1983) , but was developed expressly for the cross-national study of dementia in Japanese populations in Japan, Hawaii, and Seattle (the current study reflects data collected at the Seattle site; Graves et al., 1993) . As such, the CASI was designed to apply to Asian cultures in different parts of the world. Thus, some of the items have been changed to represent universally understood concepts (e.g., "In what direction does the sun set?" is one item worth two points that is a part of the long-term memory domain). The CASI is composed of 25 items worth a total of 100 points, takes 15-20 minutes to administer, and has somewhat better ROC characteristics than the MMSE -although the differences are not great. The CASI is sensitive to age, sex, and education, as is the MMSE .
The distribution of change scores on the CASI between baseline and 2-year follow-up was examined first. Because we were attempting to detect early Alzheimer's disease before the symptoms became so obvious as to make the clinical diagnosis possible, we focused on a cognitive change over the 2-year period that was greater than normal. We also recognized that the CASI, like the MMSE, contains random measurement error. In fact, 50% of our sample scored between -3 and +3 points on their second CASI in comparison with their first CASI, two years earlier. This shows that, were we to use continuous change as the dependent variable, the effect would likely be diluted by random measurement error inherent in the CASI. Due to these two factors, we decided to use a dichotomous measure of cognitive decline as the dependent variable.
The final models resulting from the continuous change score analyses are available from the authors upon request. They show the same results as the cognitive decline analyses.
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We decided not to use a measure of decline that would define a decliner as having passed a certain threshold score (e.g., similar to 23 or 24 on the MMSE) because: (a) the CASI is a new instrument and such a threshold score had not yet been established; (b) such a threshold score is usually sensitive to a diagnosis of dementia and, therefore, would be too low a score for our purposes of identifying cognitive decline before the clinical appearance of dementia; and (c) it is important to be able to detect persons scoring above the alleged threshold who might be declining cognitively, and who would never be discovered using this approach. We therefore decided to examine the distribution of change scores on the CASI between baseline and 2-year follow-up, and to identify a criterion that would classify persons as having declined more than was expected during the 2-year period. Though we would have preferred to define "decline" as persons whose CASI score decreased by the mean (in the cohort as a whole) minus two standard deviations, this definition did not afford us sufficient statistical power. Therefore, we used the mean change in the cohort minus one standard deviation. The cohort completing the first biennial was subsequently divided into two groups: (a) those who declined by the mean minus one standard deviation on the CASI (-5.15 points), and (b) those who either declined by less than 5.15 points, did not change, or improved their CASI score.
Statistical Analysis
For univariate comparisons, the t test was used to compare the means of continuous variables, and crude odds ratios were calculated to examine the relationship of categorical independent variables to cognitive decline, and to one another (Schlesselman, 1982; Zar, 1984) . A series of analyses was performed to examine the effect of each acculturation variable on the outcome (decline on the CASI) in separate multivariate logistic regression models that included age at baseline, baseline CASI score, follow-up time in weeks, sex, and education (years). In order to better understand the acculturation variables and their underlying structure, an exploratory orthogonal factor analysis with varimax rotation was performed (Fisher & van Belle, 1993) . For each participant, factor scores were computed for those factors having an eigenvalue greater than one. These scores were dichotomized for each of the factors at the 80th percentile (the top 20th percentile indicating the greatest degree of traditional Japanese lifestyle for each factor), and used as independent variables in the logistic regression model in lieu of acculturation variables themselves.
Final logistic regression models were built by incorporating variables that best represented acculturation, and including other covariates such as baseline age, CASI score and follow-up time, sex, apolipoprotein E, education, low income, and reaction time (Hosmer & Lemeshow, 1989) . Effect-modification was tested for selected associations by computing the value of the difference in deviance between a model excluding the interaction term, and the model including it, and comparing this to the chi-square distribution with one degree of freedom (Schlesselman, 1982) .
In addition, a separate logistic regression analysis was performed to examine predictors of death and refusal during the 2-year follow-up period. Sensitivity analyses employing different standard deviations to define cognitive decline (mean minus 1.25, 1.5 standard deviations) were conducted to assess the reliability of the final results. All analyses were performed using the PC-SAS system (SAS Institute, 1994 ). An alpha value of 0.05 was used to determine whether a variable was statistically significant. Table 1 shows the cohort that was considered nondemented at baseline and at first biennial follow-up, by age and sex. Of those not completing the first biennial, participants are shown by their nonparticipation status. Eighty-seven percent of the eligible nondemented cohort completed the 2-year follow-up.
RESULTS
In Table 2 , characteristics of the first biennial cohort (n = 1,604) are shown by cognitive decline status. One hundred and forty-four persons were classified as decliners, and 1,455 as nondecliners. Six persons had a missing CASI score at the biennial-these were excluded from further analysis. Univariate comparisons showed that decliners were more likely to be older, have less education, have a slower reaction time, and have a family household income of $15,000/year or less. Decliners were marginally more likely to possess an apolipoprotein E-e4 allele, and to practice an Eastern religion. Other acculturation variables were not statistically significantly associated with decline in these univariate comparisons. Baseline CASI scores also did not differ between decliners and nondecliners. A correlation matrix for all continuous study variables is available from the authors upon request When these variables were adjusted for baseline age, baseline CASI score, sex, education, and follow-up time (Table 3) , they became strong predictors of the probability of decline. These results show that for all acculturation variables except Eastern religion, past friends only/mostly Japanese, and eating only/mostly Asian foods, a higher degree of Japanese culture decreased the probability of cognitive decline over the 2-year follow-up. This inverse association was accompanied by a form of "dose-response" for those acculturation variables mat allowed us to look at gradations in the degree of acculturation (generation, number of years lived in Japan before age 18, read/write Japanese).
Because some of the acculturation variables were highly correlated, an exploratory factor analysis was conducted to understand their underlying structure and to create an index of acculturation. Two factors emerged. The first loaded heavily on having lived in Japan in early life and speaking, reading, and writing the Japanese language. The eigenvalue for this Factor 1 was 5.4, and explained 49% of the variance in acculturation. The loading was highest for the percent of education received in Japan (loading = 0.95). Other variables that loaded into Factor 1 included the number of years spent in Japan before age 18 (loading = 0.92), whether the interview was taken in Japanese (loading = 0.90), speaking Japanese in the home after age 40 (loading = 0.8), being Issei or Kibei versus Nisei (loading = 0.78), speaking Japanese in the home (loading = 0.76), reading and writing Japanese with no difficulty (loading = 0.6), and eating only or mostly Asian as opposed to Western food (loading = 0.5). The second factor was weaker than the first (eigenvalue = 1.2), and explained 10.5% of the variance. Three variables loaded into this factor: having current friends at baseline who were only or mostly Japanese (loading = 0.72), having friends in the past who were only or mostly Japanese (loading = 0.54), and having an Eastern versus another religion (loading = 0.41).
In logistic regression analyses predicting cognitive decline and including baseline age, baseline CASI score, follow-up time, sex, education, apolipoprotein E status, low income, and choice reaction time, select acculturation variables were examined (Table 4) . hi Model 1, the covariates are shown without the inclusion of any acculturation variables. Model 2 incorporates generation (dummy variables for Issei, Kibei, and Nisei) and current friends. This shows that when early life acculturation is included in the same model with maintenance of Japanese lifestyle in adulthood (current friends), both independently protect against the odds of cognitive decline. In Model 3, the acculturation variable used is that of English becoming the main language in the home after age 40. This was associated with an odds ratio of 0.22 (95% CI 0.07-0.71). In Model 4, increasing number of years lived in Japan before age 18 was strongly associated with a decreasing probability of decline (p = .0006). Importantly, when factor scores from the factor analysis were divided into the top 20th percentile and compared with those with more westernized acculturation, the odds ratio associated with Factor 1 was 0.12 (95% CI 0.03-0.49), and that associated with Factor 2 was 0.70 (95% CI 0.36-1.37).
Two further sets of analyses were conducted. First, because cardiovascular status and social support might be related to ac- culturation and cognitive decline, we investigated these variables as potential confounders. When all three cardiovascular variables (diagnosed history of heart attack, stroke, and high blood pressure) were in Model 5 together, the parameter estimates for acculturation Factors 1 and 2 did not change (Factor 1 OR = 0.12,95% CI 0.03-0.49; Factor 2 OR = 0.73,95% CI 0.37-1.45). Second, social support was found not to be related to cognitive decline, and marginally related to acculturation (p = 0.06) using Factor 1. The summed score (range 4-21, with higher numbers indicating less support) was adjusted for in Model 5 (Table 5 ). The odds ratio associated with social support was 0.90 (95% CI 0.76-1.04) and the OR for Factor 1 became somewhat stronger (OR = 0.08, 95% CI 0.02-0.44); Factor 2 remained nonsignificant as before. Second, sensitivity analyses using different cut-points to define cognitive decline yielded the same results as the main analyses, but with wider confidence intervals due to the reduced sample size and number of outcomes.
DISCUSSION
Our results show that, in a large, community-based population of older Japanese Americans, persons who had more traditionally Japanese lifestyles and were exposed to the Japanese language as a child and as an adult had a lower risk of experiencing cognitive decline over a 2-year follow-up period. The risk was reduced approximately by half for most acculturation variables when considered separately. In an exploratory factor analysis, two factors emerged, which together explained 60% of the variance for acculturation. The first factor, which explained 50% of the variance, loaded heavily on having lived in Japan in early life, and speaking, reading, and writing Japanese. In a multivariable logistic regression model, the adjusted odds ratio for this variable was 0.12 (95% CI 0.03-0.49). These results are consistent with the lower prevalence rates of Alzheimer's disease observed in Japan, as compared with those of Caucasians. There are several potential explanations for the apparently lower prevalence rates of Alzheimer's disease in Japan compared with those reported for Caucasians in North America and Europe. First is the possibility that the diagnosis of AD in Japan is made using different clinical criteria than in the United States. The Ni-Hon-Sea study of dementia, of which the cohort in Seattle is a part, has sought to standardize this diagnosis (Larson et al., 1998) . A systematic analysis of prevalence rates controlling for age and sex differences across sites is ongoing. Second is the knowledge that the apolipoprotein E-e4 isotype is a strong risk factor for AD (Strittmatter et al., 1993) , and that Japanese have a reduced population frequency of this allele: 7.4% (Hallman et al., 1991) , 6.7% (Kawamata, Tanaka, Shimohama, Ueda, & Kimura, 1994) , and 8.3-10.1% (Muramatsu et al., 1994) , relative to Caucasian populations in which the frequency of this allele is between 14 and 16% (Davignon, Gregg, & Sing, 1988) . Another potential explanation for a reduced frequency of AD in Japanese populations may have to do with Japanese environment and culture. In this study, we have presented evidence that Japanese environment and language could play a strong role in reducing the probability of cognitive decline over a 2-year follow-up period. The factor analysis produced a factor that loaded strongly on acculturation items related to language and/or immersion in Japanese society in early life.
Several possible explanations exist to explain the protection for cognitive decline that such immersion in the Japanese culture early in life might afford. First, it is known that the Japanese traditionally have lower rates of heart disease and higher rates of stroke compared with Caucasian populations (Marmot & Syme, 1976; Worth, Kato, Rhoads, Kagan, & Syme, 1975) , although risk factor distributions are changing with increased westernization in Japan (Yamada et al., 1997) . It also has been shown that the 6-year incidence of coronary heart disease is inversely related to Japanese culture (years spent in Japan and ability to read and write Japanese), measured by the same variables in the Honolulu Heart Program as in the current study (Yano et al., 1979) . Recently, data from several studies have shown that risk factors for atherosclerosis or clinical evidence of cardiovascular disease also present increased risks for Alzheimer's disease (Hofman et al., 1997; Launer, Masaki, Petrovitch, Foley, & Havlik, 1995; Ott et al., 1997; Sparks et al., 1990) . Since traditional Japanese lifestyle is related to a reduced incidence of cardiovascular disease, and cardiovascular disease may predispose to AD, it is plausible that the relation between acculturation and cognitive decline is mediated by vascular disease. If this were true, vascular disease may lie in the causal pathway (Japanese lifestyle leads to less heart disease, which, in turn, leads to lower rates of cognitive decline and Alzheimer's disease). If we treated vascular disease not as lying in the causal pathway but, instead, as a confounder, the odds ratio for Factor 1 did not change at all when adjusted for a history of heart attack, stroke, and high blood pressure. This implies mat the acculturation effects cannot simply be attributed to cultural differences in cardiovascular health.
A traditionally Japanese lifestyle has been shown to be associated with a high degree of social support and lower levels of stress (Marmot, 1983) . These factors have been proposed to be protective for coronary heart disease, and indeed may also be related either as a risk factor or prodromally to Alzheimer's disease (Speck et al., 1995) .
A third potential explanation for our findings is the speculation that learning the Japanese language and culture early in life results in a pattern of neural connectivity that differs from the English language and American culture. The inverse association between education and cognitive decline, as well as Alzheimer's disease, is well known (Mortimer & Graves, 1993) . Accumulating evidence suggests that intelligence or cognitive reserve may underlie this association (Breitner & Welsh, 1995; Graves et al., 1996b; Mortimer, 1995; Schofield, Logroscino, Andrews, Albert, & Stern, 1997; Snowdon et al., 1996) . Since the Japanese language is based on both pictographs and ideographs, as well as phonetic characters, visual and verbal encoding of information may be enhanced, allowing for the more complex connectivity of neural pathways during development of the brain in early life. Also it could be that the right brain is developed to a greater extent in Japanese speakers than in persons learning a more verbal and hierarchically organized language such as English, allowing for increased neuronal connections and/or size, and, therefore, greater cognitive reserve. Lastly, persons in our cohort who have multiple language facility may experience enhanced cognitive reserve in adulthood through mental stimulation ("use it or lose it" hypothesis; Greenough & Green, 1981; Mortimer & Graves, 1993; Swaab, 1991) .
A last explanation for the inverse association between Japanese culture and cognitive decline is differential dropout. If those persons who completed the baseline examination but not the biennial examination possessed a more Japanese lifestyle than those who completed the biennial examination, Japanese lifestyle might appear to be protective for cognitive decline. To examine this issue, we conducted logistic regressions predicting death (n = 77) and refusal (n = 117) over the 2-year follow-up period (Table 5) , adjusting for age and CASI at baseline, sex, and education. Persons who died were older and less likely to be female. None of the acculturation variables were related to the probability of dying. Persons who refused to participate in the biennial examination were less educated and had a lower baseline CASI. Some of the acculturation variables were related to the probability of refusing, although others were not; and in some cases, variables that were not related to cognitive decline (e.g., past friends only/mostly Japanese, Eastern religion) were risk factors for refusal, and some variables that were delated to cognitive decline (e.g., Issei, speak Japanese in the home, current friends only/mostly Japanese) were not related to refusal. We suggest that differential dropout may explain a small portion of the inverse association between traditional Japanese lifestyle and lower risk of cognitive decline over 2 years. However, it is unlikely to explain odds ratios of the magnitude observed in this study, especially for Factor 1, where the OR was 0.12, indicating that persons having a traditional Japanese lifestyle have one eighth of the risk of cognitive decline when compared with acculturated subjects.
Several limitations must be mentioned in the interpretation of our findings. First, the acculturation variables were all measured by self-report. It is unclear what the validity characteristics of these self-reported items are, but we were not able to measure this construct using objective tests. The same limitations apply to other self-reported items used in our analyses, such as education and income.
Another limitation is that the outcome measure used in this study was cognitive decline over two years, not Alzheimer's disease per se. It will therefore be important to test this finding again when a sufficient number of incident cases have accrued in this cohort, including cognitive decline over a longer period of time. This also will answer whether the current statistically significant findings are also of clinical significance. Our current findings show that there may be important factors related to lifestyle and culture that can modify the incidence of cognitive decline in an older, community-based population.
